Anatomy of the thyroid has been extensively studied but the presence of pyramidal lobe varies in percentages from 15% to 75% of cases according to different authors. We therefore investigated systematically this peculiar anatomical aspect. From January 2001 to December 2011, 1002 patients underwent total thyroidectomy in our Division of General Surgery. We analyzed the data collected on the latest 200 thyroidectomies: for all patients pyramidal lobe was measured at removal of the specimen then dimension of the pyramidal lobe after fixation was checked. We found the pyramidal lobe in all cases. In most cases, it was approximately 2 cm (range 1 -8 cm on fresh specimen). At histology it was described in 72% of cases, after fixation size decreased by a third approximatively. This is the first systematic intraoperative study to verify the prevalence of the thyroid pyramidal lobe. In our experience, the pyramidal lobe is always present and the thyroglossal duct is identifiable.
Introduction
Although the anatomy of the neck in general and of the thyroid in particular has been extensively studied, the presence of accessory thyroid tissue is not yet fully elucidated. For example, the presence of the pyramidal lobe, P. Gregorio et al. 2536 vestigial thyroglossal duct, is given in percentages ranging from 15% to 75% of cases [1] [2] , though it is a topic of great interest, considering the possibilities of recurrence of disease in that site after total thyroidectomy, in which the removal of thyroid tissue macroscopically is indispensable.
Our experience, based on more than one thousand total thyroidectomies, has led us to reflect on this peculiar anatomical aspect, as another possible reason for the absence of recurrences of thyroid cancer in our casuistic over a ten-year period. All our patients operated for thyroid cancer were contacted and re-evaluated or interviewed by telephone and we found no case of recurrence to be treated surgically, except the case of a patient operated in another center to perform a lateral and central lymphadenectomy.
Aim of this paper is to propose our anatomical considerations on the pyramidal lobe, rather than analyzing the outcomes in thyroid surgery.
Material and Methods
From January 2001 to December 2011, 1002 patients underwent total thyroidectomy in our Division of General Surgery (Sapienza University of Rome, Department of Surgical Science, Division of General Surgery "G", Chief: Prof. Adriano Redler). All patients were operated by the same surgeon and all histological specimen were analyzed by the same pathologist. All patients signed full informed consent. The surgical technique was the same for all patients [3] . 864 patients underwent total thyroidectomy for benign diseases and 138 for malignant pathologies ( Table 1, Table 2 ). Mean age was 57 years for men and 50 years for women affected by benign disease and 56 in both sex for those who were affected by malignant disease ( Table 3) .
We analyzed particularly the data collected on the latest 200 thyroidectomies performed in our Division of General Surgery as follows:
• In all surgical procedures, two medical students attended in the operating room to register if the pyramidal lobe was present and to measure it each one independently as soon as the surgical specimen was removed. The measures started from the isthmus and extended up to the resection margin (Figure 1) , excluding the fibrous part eventually present which is already a component of the thyroglossal duct. In addition, they recorded also if the origin of the pyramidal lobe was right-or left-sided.
• Afterwards, they were in charge to check the dimension of the pyramidal lobe after fixation in the macroscopic description of the gland in histology reports.
• All measures were recorded and compared.
Results
During surgery, we found the pyramidal lobe in all cases (Figure 2) . Resection was performed en bloc and extended up to the insertion of the pyramid into the thyroglossal duct. Table 3 . Characteristics of the studied population (malignant diseases).
Malignant disease Number of patients (%)
Papillary cancer In more than 50% of cases, the pyramidal lobe was approximately 2 cm in length, ranging from 1 to 8 cm on fresh specimen ( Table 4 ). The measures recorded by the two students were fully concordant. At histology, the pyramidal lobe was described only in 72% of cases.
In 68% of cases, the pyramidal lobe arised from the left lobe of the gland. After fixation, comparing our measurements with the dimensions reported by pathologists, size decreased by a third approximatively.
Discussion
From an embryological point of view, thyroid tissue appears on the 24 th day at the limit between the first and second brachial arch [4] . It appears initially as a thickening of the endodermic plaque at the floor of the pharyngeal rudiment and constitutes progressively a sac or thyroid diverticulum; initially loose, the diverticulum hardens progressively while the thyroid gradually migrates through the neck to reach its final position. During this passage, the thyroid remains closely adherent to the tongue through the thyroglossal duct. By the end of the seventh week of pregnancy, the thyroid has reached its position and adopted its adult form, losing its connection with the tongue, through duct degeneration, starting generally from its middle third, although the origin of thyroid primodium persists in the form of the foramen caecum of the tongue.
During its descent, a portion of the thyroid tissue may persist along the axis of the thyroglossal duct or even continue the descent to the bottom. These residues are the basis of several thyroid abnormalities such as ectopic thyroid, lingual thyroid, cysts or fistulae of thyroglossal duct. The pyramidal lobe is the lower portion of the thyroglossal duct and can be adherent to the hyoid bone by fibrous or muscular cords [5] - [7] .
A more recent theory, formulated by Otto in 1994, calls into question the thyroid descent, in favor of a source next to the primordial heart while a second epithelial cord, the thyroglossal duct, would connect the thyroid to the tongue. That way you would have two different types of tissue, one arising from the oral cavity, the other from the thyroid itself. During the sixth week, the two epithelia would face regressive phenomena. Any alteration of this process would lead to anatomical abnormalities that contain thyroid tissue (ectopic thyroid, including the pyramidal lobe) or only epithelial tissue of the oral cavity (median cysts) [8] .
From an anatomical point of view, alterations of downward migration of the thyroid gland or thyroglossal duct regression would result in thyroid abnormalities or morphological variations of the gland itself, pyramidal lobe, lingual thyroid, median cyst or additional thyroids [9] - [11] .
The pyramidal lobe presents an extreme morphological variability (pyramidal form, cord forms, nodular forms or inverted Y).
In literature all kinds of information about thyroid abnormalities can be found: in Anatomical texts, the pyramidal lobe rate stands between 15% and 75% (Thews [2] : at least 15%; Leonhard [11] : 30%; Benninghoff [12] : 30%; Romanes [13] : 40%; Lippert [14] : 50%; Frick [10] : 50%; Lanz [9] : >50%).
Marshall was one of the first to describe anatomical changes of the thyroid, finding the pyramidal lobe in 43% of cases [15] ; Blumberg [16] in 60% -65%, usually located to the left of the midline.
In two different studies, Bergmann studied the incidence of pyramidal lobe and he found it initially in 68% of cases, and later in 40%. The lobes were usually connected to isthmus on the left side and in about half of the cases, the pyramidal lobe was made of glandular tissue up to the hyoid bone which was fused or connected by fibrous or muscle tissue [17] . Tandler [18] described the pyramidal lobe as emerging from the gland at the conjunction of a lobe with isthmus, asymmetrically running until it reaches, often, the hyoid bone.
Sobotta made a review of the literature on the frequency of the pyramidal lobe, concluding, in line with Luschka, that it was present in one-third of the population, while Streckeisen and Testut identified in 75% of thyroids, Oseki in 71.7% and Zuckerkandl in 60% -70%. Techini and Cavatorti noted that the presence of the pyramidal lobe was more frequent in men than women and in younger rather than elderly patients. In addition, a geographical variability was suggested. Table 4 . Average length of the pyramidal lobe according to gender.
Pyramidal lobe
Average length in cm (range)
Skandalakis [19] refers to an absence of the isthmus in 10% of cases and a lobe in 1.7%, while the pyramidal lobe would be present in 50% of the observations, like Bhatnagar [20] , but each thyroid would be connected to foramen cecum by a fibrous cord.
More recently, some authors identified the pyramidal lobe in 55% of thyroids, through analysis of the autopsy findings, operations and scintigraphy, more in men than in women, as also reported by Spencer on scintigraphy studies [21] . It is also evident how the pyramidal lobe is usually localized to the left and extends generally to the hyoid bone, with or without interposition of fibrous tissue, in line with what has already been noted by Bergmann and Blumberg [16] [17] .
From a clinical point of view, morphological abnormalities can lead to problems during surgery. One of the reasons of recurrence can be precisely linked to the presence of an unidentified pyramidal lobe, superior additional thyroids, extension behind the trachea, under or to the side of the thyroid itself [22] [23] .
However, few data in the literature regarding the extension or the length of the pyramidal lobe are available. In our experience, the lobe is about 2 cm in almost half of the cases and generally, when the lobe is longer it is also much thinner, as if it were stretched. If dissection is not perfectly careful and accurate, remnants of glandular tissue can be demonstrated by ultrasonography, elastosonography or scintigraphy affecting the accuracy of any preoperative diagnostic tool [24] - [28] . The completeness of the thyroidectomy, cornerstone of the treatment of surgical thyroid diseases in our School, may be jeopardized by the presence of an unidentified pyramidal lobe. The problem is also overwhelmingly in cases of thyroid cancer since that residue may invalidate the eventual radiometabolic therapy. Although the thyroid cells of the pyramidal lobe are usually functionally inactive as documented by years of scintigraphic studies, they can re-enable following the removal of the gland. And it is for the same reason that thyroglossal duct should be followed and resected up to its origin at the oral floor. We think that the cells of this structure, because of their common embryological origin with the thyroid, in the absence of the gland, can acquire metabolic and differentiation function.
The different results reported in literature are the consequence of "sampling": casuistic are frequently small and do not correlate the intraoperative observation with the histological examination leading to biases of fixation shrinkage [28] . Furthermore, depending on the surgical technique, blood can reflow from the thyroid, leading to an important volumetric decrease. Those aspects are a probable explanation for the variation of incidence of the pyramidal lobe in the different casuistics.
Conclusion
As far as we could observe, this is the first systematic study related to surgical practice to define the actual prevalence of the pyramidal lobe of the thyroid, about 250 years after Morgagni described it for the first time. In our experience, the pyramidal lobe is always present and the thyroglossal duct can be identified. For this reason, the surgical technique we adopt is a total thyroidectomy, pursuing the "protrusions" of the thyroid to the limit of their extention, regardless of their precise localization.
